Abstract
Background
Dilated cardiomyopathy (DCM), a disease of the heart muscle characterized by ventricular dilatation and impaired systolic function, is the third most common cause of heart failure [1, 2] . The prognosis of patients with DCM is poor, with approximately half of the patients dying within 5 years of diagnosis, and it is necessary for the physician to predict which clinical course an individual patient may follow [1, 2] .
Studies in mice and humans have shown that alcohol is a direct myocardial toxin that causes ultrastructural damage. Heavy drinking has been associated with left ventricular dysfunction and DCM, referred to as alcoholic cardiomyopathy [3, 4] . According to most studies, heavy drinking is associated with increased cardiovascular morbidity and mortality [5] [6] [7] . The US National Health and Nutrition Examination has stated that alcohol consumption has a linear relationship with mortality, with a slightly higher mortality risk for even light drinking [6, 7] . However, some studies have shown that moderate alcohol consumption has cardioprotective effects; Open Access *Correspondence: hch0119@sina.com; drhua@aliyun.com † Xiaoping Li and Yang Liu contributed equally to this work 6 Cardiovascular Institute and Fuwai Hospital, Chinese Academy of Medical Sciences, Peking Union Medical College, Beijing 100037, China 7 Hospital of the University of Electronic Science and Technology of China and Sichuan Provincial People's Hospital, Chengdu 610072, China Full list of author information is available at the end of the article reduces the risk of chronic heart failure, coronary artery disease and stroke; and decreases cardiovascular and allcause mortality [8] [9] [10] [11] [12] .
Cigarette smoking is a major modifiable risk factor for cardiovascular diseases, including coronary artery disease, stroke, peripheral vascular disease and congestive heart failure [13, 14] . Both smoking and exposure to passive smoke are major preventable causes of cardiovascular morbidity and mortality [15, 16] . Previous studies have indicated that smoking is related to cardiomyopathy [17] and is an important risk factor for idiopathic congestive cardiomyopathy [18] . However, recent studies have suggested that patients with DCM who smoke have a better prognosis than that of nonsmokers [19] [20] [21] , although data from New Zealand show that smoking is associated with poorer survival in patients with DCM [22] .
Although heavy drinking and smoking are known risk factors for cardiovascular mortality, their roles in DCM patients remain unclear [5, [19] [20] [21] [22] . Therefore, in the present study, we aimed to evaluate the association of drinking and smoking with all-cause mortality in hospitalized patients with DCM in China.
Subjects and methods

Patients and follow-up
A retrospective, observational cohort study of DCM patients was conducted from November 2003 to September 2011. The patients were admitted with symptoms of decompensation and physical signs of heart failure, and DCM was defined as systolic dysfunction (LVEF ≤50 %) with LV dilation in the absence of an apparent secondary cause of cardiomyopathy [23] . Of the 1317 enrolled patients, 175 patients were excluded from the study owing to the presence of various secondary cardiomyopathies, and data on smoking and drinking were lacking for 24 and 25 patients, respectively (Fig. 1) . Thus, the final analysis included 1118 patients, with data on drinking lacking for 1 patient. The end point of the study was the all-cause mortality, which was assessed for all patients based on medical records and medical follow-up calls. Mortality data were obtained for all study patients from hospitalization to death. Data from patients who underwent cardiac transplantation were censored at the time of transplantation, if alive, to the date of the most recent clinical evaluation. The mean follow-up was 3.5 ± 2.3 years. The institutional review board approval was obtained.
Smoking and drinking habits
The three categories of drinkers were: non-drinkers; mild drinkers, who reported drinking an average of one drink a day on the days on which they consumed alcohol during the previous year; and moderate drinkers, who reported drinking an average of two drinks a day on the days on which they consumed alcohol during the previous year (1 drink = 12 g alcohol) [24] . Three categories of smokers were considered: non-smokers, mild-to-moderate smokers, who had smoked less than 40-pack years (PY); and heavy smokers, who had smoked ≥40 PY [25] . PY are calculated as the number of cigarettes smoked per day multiplied by the years of smoking, divided by 20 [26] .
Echocardiography
Patients were imaged in the left lateral decubitus position using a commercially available system equipped with a 3.5 MHz transducer. Two-dimensional grayscale, pulsed, continuous and color Doppler data were acquired from the parasternal and apical views. For tissue Doppler imaging, the sector width was adjusted to obtain a frame rate of at least 115 frames/s. Left ventricular ejection fraction (LVEF) was calculated using Simpson's biplane technique [27] .
Statistical analysis
The continuous variables are expressed as mean ± SD or as medians and interquartile ranges. The categorical variables between groups were compared using Chi-square tests. Hazard ratios with 95 % confidence intervals (95 % CIs) were used to estimate the adjusted relative risk for the various groups. Kaplan-Meier survival curves were Fig. 1 Flowchart for participants involved in the present study compared using the log-rank test. Multivariate Cox proportional hazards regression models were applied to adjust for any confounding variables among groups. The analyses were conducted using SPSS (version 16.0, SPSS Inc., Chicago, IL, USA), and all tests were two sided. A p value <0.05 was used to determine statistical significance.
Results
Characteristics of the study population
The cohort consisted of 1118 patients with DCM: 300 (26.8 %) women and 818 (73.2 %) men, with a mean age of 51.2 ± 14.6 years. Among the 1118 patients, those of Han nationality were 1074 (96.1 %), while minor nationality were 44 (3.9 %); patients who lived in the north of the Yazi River were 970 (86.8 %) and those who lived in the south of the Yazi River were 148 (13.2 %). Of these subjects, 53.1 % (n = 593) were non-smokers, 14.2 % (n = 159) were mild-to-moderate smokers and 32.7 % (n = 366) were heavy smokers. In terms of drinking, 66.9 % (n = 747) of the cohort were non-drinkers; 12.7 % (n = 142) were mild drinkers and 20.5 % (n = 229) were moderate drinkers. Table 1 summarizes the baseline clinical characteristics of the cohort. Among the patients in the smoker and non-smoker groups, fewer women were smokers; a history of atrial fibrillation was more common among the heavy smokers; higher blood pressure and circulating creatinine levels and a greater P duration and left ventricle diameter were observed in the mild-tomoderate smokers and heavy smokers; and a larger right ventricle and left atrium diameter were observed in the heavy smokers. Among the patients in the non-drinker, mild-drinker and moderate-drinker categories, the number of women who were drinkers was lower, and a more frequent history of arterial hypertension, higher blood pressure levels and a larger left ventricle and left atrium diameter were observed in the moderate drinkers. There was no significant difference in terms of drug treatment at admission among the smokers or drinkers.
Relationship between age, gender and all-cause mortality
Of the 1118 patients studied, 262 (23.4 %) died and 3 (0.26 %) underwent heart transplantation during the mean follow-up of 3.5 ± 2.3 years. The all-cause mortality rates showed no difference between the non-smoker, mild-to-moderate-smoker and heavy-smoker groups (23.8, 20.8 and 24 %, respectively; log-rank χ 2 = 1.281, P = 0.527). There was also no significant difference in mortality between the non-drinker, mild-drinker and moderate-drinker groups (23.7, 23.2 and 22.3 %, respectively; log-rank χ 2 = 2.343, P = 0.310) (Fig. 2) . To determine whether smoking confers different degrees of risk between the different levels of drinkers with DCM, the entire cohort was divided into three subgroups and then further stratified according to the patients' status as non-smokers, mild-to-moderate smokers and heavy smokers. In the non-drinking patients, the all-cause mortality rates for non-smokers, mild-tomoderate smokers and heavy smokers were 24.3, 22.1 and 22.5 %, respectively; among the mild drinkers, the all-cause mortality rates for non-smokers, mild-to-moderate smokers and heavy smokers were 18.2, 17.9 and 28.6 %, respectively; and in the moderate drinkers, the all-cause mortality rates for non-smokers, mild-to-moderate smokers and heavy smokers were 18.9, 20.6 and 23.4 %, respectively. There was no significant difference in all-cause mortality between the subgroups of patients with different drinking statuses according their different smoking statuses (log-rank χ 2 = 1.286, P = 0.526) (Fig. 3) .
Cox proportional hazard models
When the clinical, laboratory, electrograph and electrocardiographic data were considered, univariate analysis revealed that age, history of hypertension, ventricular premature beat, New York Heart Association (NYHA) functional class, systolic blood pressure, diastolic blood pressure, P duration, QRS duration, left ventricle diameter, LVEF, right ventricle diameter, left atrium diameter, NT-pro-BNP, serum bilirubin, blood urea nitrogen, creatinine and fasting blood glucose were significant predictors of all-cause mortality in patients with DCM. Neither the smoking (HR 0.971, P = 0.663) nor the drinking status (HR 0.891, P = 0.140) was included in the Cox analysis. After adjustment for age, gender, smoking and drinking status, disease course, right ventricle and left atrium diameter, LVEF and serum creatinine, Cox multivariate analysis showed that ventricular premature beats, systolic blood pressure at admission, QRS duration, left atrium diameter and fasting blood glucose were powerful independent predictors of all-cause mortality in patients with DCM. Neither smoking nor drinking was found to be a predictor of all-cause mortality in the present study ( Table 2) .
Discussion
In this large-scale sample cohort study, we investigated the associations between smoking, drinking and all-cause mortality in patients with DCM. Our findings suggested that there was no predictive value of smoking and drinking for all-cause mortality in DCM patients; neither smoking nor drinking was an independent predictor of the all-cause mortality in patients with DCM.
Previous studies have found that that heavy drinkers exhibit a lower ejection fraction, greater enddiastolic volume, increased left atrial dimensions and increased left ventricular wall thickness, which occur in a dose-dependent fashion and precede the onset of clinical symptoms or physical findings [28, 29] . The mechanisms underlying alcohol-induced myocardial damage include cardiac myocyte apoptosis [30] , alterations in the excitation-contraction coupling in cardiac myocytes [31] , and increased oxidative stress [32] and activation of the renin-angiotensin system and the sympathetic nervous system [33] . However, moderate alcohol consumption has been proposed to confer protection against cardiovascular events while also increasing high-density lipoprotein cholesterol, decreasing platelet aggregation and coagulation, enhancing endothelial function, reducing inflammation, promoting antioxidant effects and decreasing the activity of angiotensin II (Ang II) [34] [35] [36] . In the present large-sample cohort study, although heavy drinkers were excluded owing to alcoholic cardiomyopathy, no significant differences were found between patients who were non-drinkers, mild drinkers and moderate drinkers. In a study in patients with a previous myocardial infarction, those who consumed small-to-moderate amounts of alcohol exhibited a lower total mortality [10] . However, the present study found no favorable effect of mild-tomoderate drinking on the all-cause mortality in the DCM patients. Tobacco smoking has been solidly implicated in the etiology of cardiovascular diseases such as coronary artery disease, aortic aneurysm, stroke and peripheral vascular diseases [37] , as cigarette smoking has been associated with higher serum levels of cholesterol, coronary vasomotor reactivity, platelet aggregation, and a prothrombotic state [38] [39] [40] [41] . Additionally, an association between smoking and cardiomyopathy has been suggested by the results of several animal studies [42] [43] [44] . Possible mechanisms underlying the association between smoking and cardiomyopathy include direct damage to cardiac muscles (following damage to the myocardial mitochondria) and an increase in cardiac susceptibility to viral infections [43, 45] . Although it is well known that smoking increases cardiovascular morbidity and mortality [15, 16] , the effect of smoking on the mortality of DCM patients cannot be conclusively determined based on the available data [19] [20] [21] [22] . In the present study, there was no detectable influence of mild-to-moderate smoking and heavy smoking on the all-cause mortality in DCM patients. Although the allcause mortality rate was lower among mild-to-moderate smokers than among non-smokers, this association did not achieve statistical significance.
Conclusion
In conclusion, there were no significant differences in mortality between the smoking-and drinking-related patient groups, indicating no effect of smoking and drinking on all-cause mortality in patients with DCM in the present large-scale study.
Limitations
The present study has several limitations. Like all hospital-based cohorts, the examined study population was a selected population of patients who had been referred for treatment. Because the NT-pro-BNP test was not commonly used until the later years of this study and its results were missing in 334 patients, we excluded NTpro-BNP data from the multivariate Cox analysis to avoid the inclusion of potential confounding variables in the statistical analyses. Additionally, 14.1 % of the patients (n = 158) were lost to follow-up because of factors such as a lack of communication in rural areas; however, the main outcomes were not changed when we detected the losers in the Kaplan-Meier survival and Cox analyses. Ideally, all patients with DCM should be confirmed to be free of coronary artery disease. In practice, however, coronary arteriography is not routinely performed in all patients with congestive heart failure. Because retrospective studies cannot control the conditions under which patients are recruited or investigated, there was a very small subgroup of ischemic heart disease patients in the present study compared with the expected rates based on the numbers of patients who were subjected to coronary artery angiography, coronary CT scans or cardiac radionuclide imaging at other hospitals, as only 334 patients underwent coronary artery angiography and only 80 showed positive results at our hospital.
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